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(57) ABSTRACT

The mvention proposes a process for determining the driv-
ing torque of a vehicle as it 1s starting. This process and
device uses a model of the 1dling properties of the engine, a
comparing element for the output values of the model and
corresponding measured values or values derived therefrom,
and a determining element for determining the driving
torque of the vehicle according to the results of the com-
parison. Furthermore, the invention discloses a process and
device for determining an externally generated variable that
drives or brakes the vehicle as well as for supporting uphill
starting. In addition, processes and devices for determining
externally generated variables/torques as well as for sup-
porting uphill starting are disclosed.
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PROCESS AND A DEVICE FOR
DETERMINING THE DRIVING TORQUE OF
A VEHICLE

This application 1s a divisional of Ser. No. 09/529,211
filed Jul. 27, 2000 now U.S. Pat. No. 6,416,441, which 1s a
371 of PCT/EP98/06564, filed Oct. 16, 1998.

TECHNICAL FIELD

The present invention relates to a process and a device for
determining the driving torque of a vehicle when 1t starts. In
addition, 1t also relates to a process and a device for
determining externally generated variables that drive or
brake a vehicle as well as for supporting uphill starting.

BACKGROUND OF THE INVENTION

Generally when a vehicle begins moving the operating
conditions of the engine, amongst other things, change 1n so
far as the motor changes from an idle state (in this applica-
tion 1dle does not necessarily refer to the 1dling speed of the
motor, but always to the operation of the motor without the
vehicle as a load) to normal running (loaded operation)
where the motor propels the vehicle, so that the motor output
1s used to a large extent 1in the manner defined to drive the
vehicle. The transient state 1s controlled by means of the
clutch 1n the manual transmissions. In automatic transmis-
sions the change of states 1s controlled by the torque
converter. However, 1n all cases 1t 1s difficult to determine
the torque available for the actual driving torque during the
transition. Thus, it 1s not exactly known which part of the
engine torque 1s available for propelling the vehicle. In many
applications this has proven disadvantageous, for example 1n
connection with auxiliary support units for uphill starting.
When a vehicle has to 1nitiate movement uphill, the down-
orade force acts as a rearward-driving torque at first,
whereas the braking force and engine torque act as a
stopping or forward-driving force. When an auxiliary sup-
port unit for uphill starting 1s to be provided, 1t must be
ensured, amongst other things, that the vehicle does not roll
backwards under any circumstances. Despite the fact that the
engine 1s 1n the above-mentioned transient state, all forward-
driving and rearward-driving influences have to be known,
so that suitable control elements, for example a remotely
controllable vehicle driving brake (e.g. an analog remotely
controllable vacuum brake-force booster) and/or a remotely
controllable parking brake (e.g. an electric parking brake),
can be 1nfluenced 1n an appropriate manner.

Furthermore, the present invention relates to a process
and a device for determining an externally generated vari-
able that drives or brakes a vehicle and in particular such a
torque. The longitudinal dynamics of a vehicle—speed and
acceleration—are influenced by different internal and exter-
nal variables, 1n particular torques. Internal variables/
torques according to this description, for example, are the
engine torque, braking torque or road resistance (that can be
described 1nternally, for example, on the basis of tables
based on values gained by experience or through constant
values or equations which take mto consideration the vehicle
motion state with the characteristics/parameters of the
vehicle). These variables can be determined comparatively
accurately by means of various measures, so that their
influence on the longitudinal dynamics can be taken into
account. Furthermore, there are also externally generated
variables which arise in particularly variable forms 1n addi-
tion to the above-mentioned (internally describable) road
resistance. This includes, for example, the downgrade force
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when a vehicle 1s driving on a sloped roadway. The down-
orade force gives rise to a torque that affects the longitudinal
dynamics of the vehicle. The same 1s true, for example, 1n
connection with windforce, extraordinary rolling resistance
or similar forces. These externally generated variables either
cannot be determined at all or only with great difficulties by
means of customary sensors. This mnvention renders unnec-
essary any sensor technology generally required for this
pPUrpose.

The present mnvention discloses a process and a device for
determining the driving torque of a vehicle as it 1s starting.

Furthermore, the present invention discloses a process
and a device for determining externally caused variables that
drive or brake a vehicle, in particular such a torque.

Still further, the present mvention discloses a process and
a device to support uphill starting.

The driving torque of a vehicle as 1t 1s starting 1s obtained
by determining the i1dling properties of the engine on the
basis of a model and comparing meaningtul output values of
this model to actually measured corresponding values
(observer principle). The difference between the values of
the model and the actually measured variables can be traced
back to the fact that the engine does not run completely
unloaded in the transient state from no-load running to
loaded running, but gives off a part of its power to the
vehicle (already) during the transient state. The driving
torque of the vehicle effective during the transient state can
be mferred by evaluating a variable of the model and the
measured variable. In this connection, please refer once
more to the definition of “idle state” provided above.

The variables generated externally and, in particular,
torques are determined by another observer. This observer
receives varlables generated internally that drive or brake a
vehicle, 1in particular torques. On the basis of these it
determines the possible development of the longitudinal
dynamics of a vehicle, compares this result with the actually
measured values of the longitudinal dynamics and infers
externally generated variables that drive or brake a vehicle,
in particular torques, from any deviations.

Knowledge of externally generated variables that drive or
brake a vehicle, 1n particular such torques, 1s desirable for
various applications. One example of such an application 1s
a support device for uphill starting. Support devices for
uphill starting are designed to simplify the complicated
handling of brake, parking brake, clutch and engine when a
vehicle starts uphill. At the same time, however, 1t must be
ensured that the vehicle does not roll backwards under any
circumstances, for example to avoid colliding with any
vehicles behind 1t. When a vehicle 1s to start uphill, the laws
diagrammatically shown in FIG. 10 apply as an initial
approximation. The weight force F. of the vehicle can be
reduced to a normal component F,; and a tangential com-
ponent F-- at the tire of a one-wheel model. Together with the
tire radius r, F,results in a downforce torque M ,; according
to the following equation:

M =F sinQrp.

For this purpose, a 1s the angle of gradient. Without any
additional influences, the downforce torque M ,, would cause
the vehicle to roll downhill. It 1s counter-acted by the
braking torque M, that stops the vehicle and the engine
torque M,, that 1s additionally introduced during starting. A
support device for uphill starting, for example, may have an
influence on the braking torque M. This influence must be
such, however, that 1t 1s always ensured that the inequality

M <M g+ M, ,
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1s fulfilled. Only then can 1t be definitely ensured that the
vehicle does not roll backwards. In order to fulfill the above
equation, the downforce torque must be known.

Similar considerations as those described above apply in
dynamic situations (vehicle speed is not equal to zero).
When a vehicle moves uphill slowly in city traffic, for
example, considerations as those described above may
become 1mportant. In such situations 1t would be desirable
to know the externally generated variables that drive or
brake a vehicle, 1n particular such torques, so as to be able
to mfluence the vehicle suitably.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a first embodiment for determining the
driving torque according to the present imnvention.

FIG. 2 1s an example of an 1idling model that may be used
according to the present 1invention.

FIG. 3 shows another embodiment for determining the
driving torque according to the present invention.

FIG. 4 1s an example of a map of a torque converter.

FIG. 5 shows another embodiment for determining the
driving torque according to the present imnvention.

FIG. 6 1s a schematic representation of the torques 1n a
vehicle with an automatic transmission.

FIG. 7 1s a block diagram of an embodiment for deter-
mining external torques according to the present mnvention.

FIG. 8 shows the observer from FIG. 7.

FIG. 9 1s an example of a model for the vehicle dynamics.

FIG. 10 shows schematically applicable physical interre-
lationships 1n an exemplary application.

FIG. 11 1s a schematic representation of a support device
for uphill starting according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Before a first embodiment 1s described by referring to
FIG. 1, an example of an 1dling model will be explained by
referring to FIG. 2. An 1dling model suitable for the 1nven-
fion must meet the following requirements:

It must have suitable mput and output variables, and

if 1t 1s to be useful for the transient state, it must describe
as precisely as possible both the static and dynamic
1dling behavior of the engine.

The 1dling model shown 1n FIG. 2 fulfills these require-
ments. Its input variable 1s a torque and the output variable
it provides 1s an estimated engine speed NMotorObs. The
model takes into consideration that the friction torque effec-
five nternally 1n the engine, also called drag torque, counter-
acts the 1dling torque actually delivered by the engine. This
counter-action 1s reproduced 1n adder 104. The actual engine
idling torque NMotor, for example, can be determined
according to the position of the throttle valve on the basis of
a map, an equation, a polygon curve etc. This 1dling engine
torque NMotor forms one 1mnput of the adder 104. Reference
number 101 indicates a throttle valve sensor or a connection
where a corresponding signal 1s applied. Reference number
102 1s a first determining element for determining the 1dling
engine torque NMotor. At 1ts output adder 104 provides the
difference between 1dling torque and drag torque. When they
are equal and, hence, the difference 1s equal to zero, the
engine 1S running at a constant speed.

The dynamics of the engine are reproduced by units 106,
107 and 1135, 106 1s a delay element used to reproduce dead
times in the engine (for example the time delay between a
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4

change 1n the angle of the throttle valve and a change in the
amount of gas actually injected into the cylinder); unit 115
1s a delay element of the first or higher order, generally used
to reproduce sequential delays in the system.

Unit 107 1s an mtegrator which integrates the signal at 1ts
input. Its output signal rises when 1ts input signal 1s positive
(i.e. when the engine torque is greater than the drag torque)
and 1t drops when its input signal is negative (i.c. when the
drag torque is greater than the engine torque). When the two
are balanced, the input signal at the integrator 1s zero and 1its
output signal 1s constant.

Components 105 and 108 are constants that are used to
take 1nto account engine constants and carry out conver-
sions. Thus, there results a variable NMotorObs that corre-
sponds to the engine speed. Since the engine drag torque
MDrag, mentioned above, primarily depends on the engine
speed, the value NMotorObs can be used as an input variable
for determining element 103 to determine engine drag
torque. The determining element 103 may be a characteris-
fics map, an equation, a polygon curve etc.

Thus, an 1dling model for an engine, which has the total
torque as 1ts mput variable and the engine speed as its output
variable, 1s obtained. Depending on the accuracy required or
desired of the model, components needed to reproduce the
dynamics should be provided. Components 106 and 115 in
particular are advantageous, but not absolutely necessary.

A first embodiment according to the present invention will
be described with reference to FIG. 1, which shows a device
for determining the driving torque of a vehicle based on the
principle of an observer. It 1s based on the following concept.
The “theoretical” 1dling speed 1s determined by means of the
above-mentioned 1dling model. It 1s compared to the actual
engine speed measured. A difference results 1n particular
during the above-mentioned transient states because the
motor does not run only 1n an idle state but partially already
serves to drive the vehicle. Therefore, the comparison of the
estimated and measured engine speed can be used to infer
the driving torque of the vehicle for driving the vehicle.

The 1dling model already described above on the basis of
FIG. 2 1s shown 1n the bottom part of FIG. 1. The estimated
engine speed NMotorObs 1s compared with the actual
engine speed measured NMotorMeas. In particular, the
difference between the two 1s taken 1n subtraction element
109. Following a calibration 110 (please note that in this
application calibration refers to a proportional conversion,
¢.g. for the purpose of adjusting values, conversion or
normalization) this value can be used as the direct measure
for the driving torque of the vehicle MCorrObs.
Furthermore, inverse feedback of the torque occurs at sum-
ming point 104 to render the 1dling model stable again.

Delay element 106 sets a delay between 50 and 150 ms,
preferably between 100 and 120 ms. Reference number 112
refers to a device for determining the actual engine speed
NMotorMeas. In the simplest case this can be a sensor that
outputs an analog or digital signal. However, more complex
filter functions also may be connected. Finally, device 112
could also be the point of tapping a data bus containing the
corresponding measured values. Calibration 108, for
example, can convert revolutions per second to revolutions
per minute. Consequently, 1t would be a factor 60. Calibra-
tions 1035 and 109 also serve to adapt the data to the required
normalization.

FIG. 3 shows another embodiment according to the mnven-
tion. It 1s suitable for vehicles with automatic transmissions
where a converter 1s provided between the transmission and
engine. Since the relationships between speeds and torques
are more complex 1n such a converter than in a clutch and,
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in particular, may be non-linear, the difference between the
actual speed NMotorMeas and estimated speed NMotorObs
may be used as the measure for the driving torque of the
vehicle; however, better results can be obtained 1if the
relationships in the converter itself are taken into consider-
ation. This 1s done by means of converter model 301, which
reproduces a characteristic curve, as 1s shown qualitatively
in FIG. 4. As 1n the embodiment according to FIG. 1, a
torque “error” 1s inferred from the difference between the
actual and estimated engine speed, which 1s also fed back to
the 1dling model at summing point 104. However, the error
torque 1s used to determine the actual driving torque of the
vehicle by means of converter model 301. This can be done
with the help of additional variables, for example with the
rate of speed from the turbine speed, which can be deter-
mined through the total transmission ratio on the basis of the
wheel speeds, and the pump speed, which can be determined
from the engine speed. The driving torque of the vehicle 1s
then the output of converter model 301.

Another embodiment according to the invention 1s shown
in FIG. 5. It differs from the embodiment shown 1n FIG. 3
in that at least one output of a more complex converter
model 501, 502 1s used to improve the estimated engine
speed 1n the form of a feedback to the 1dling model and that
the driving torque of the vehicle 1s no longer determined
directly from the difference between the estimated engine
speed NMotorObs and actual engine speed NMotorMeas,
but rather from the estimated engine speed NMotorObs
obtained from the 1dling model.

In the embodiment shown 1n FIG. 5, the feedback of the
normalized difference 1n speed from subtractor 109 is main-
tained. However, 1t 1s used only for compensating the
residual error 1n the 1dling model. Although the actual
compensation around the pump umit also 1s carried out at
summing point 104, a pump torque MPump obtained from
the converter model 501, 502 1s used. Converter model 501,
502 can be divided nto a converter characteristic curve 501
and a transmission model 502. The driving torque of the
vehicle then results from transmission model 502, which
transmits the output torque of the converter MTurbine to the
drive axle. In addition transmission model 502 receives at
least one wheel speed NWheel and outputs a turbine speed
NTurbine, which can be used as an i1nput variable for the
converter model.

In particular the converter can be described by means of

a model based on the following equation:
MFump=KPump.HPump2 .DPumPS

where Mp,,,., 1s the pump torque of the converter (input
torque of the converter), K, , is a constant, np,,,, 1s the
pump speed and Dp,,, . 1s the diameter of the pump wheel.
Furthermore, converter model 501 uses a converter charac-
teristic curve which, similar to FIG. 4, indicates the rela-
tionship between the pump torque and turbine torque
according to the speeds.

FIG. 6 1s a schematic representation of the relationship
between the speeds and torques in the drive train of a
vehicle. The engine generates an output torque MM at an
engine speed NMotor. The converter picks up the pump
torque MPump and rotates at the speed NPump that 1s equal
to the engine speed NMotor. At its output end, the converter
has the turbine torque MTurbine and the speed NTurbine,
cach of which 1s equal to the values of the transmission
torque MTransmission and the transmission speed NTrans-
mission at the input end. Corresponding to the overall
fransmission ratio and taking into consideration dynamic

eifects, this results in the actual driving torque of the vehicle
MDrive and the wheel speed NWheel.
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The advantage of the embodiment according to FIG. 5§ 1s
that a more precise estimate of the estimated engine speed
NMotorObs can be obtained since the converter 1s modeled
more accurately and at least one output variable 1s fed back
to the 1dling model. The i1dling model itself 1s needed to
determine the estimated engine speed NMotorObs, on the
basis of which the converter model works. Since at least one
output variable of the converter model 1s fed back to the
idling model i the embodiment shown in FIG. §, the
observer 1s relieved of handling the essential static errors
and can be designed 1n a more favorable manner as regards
dynamic effects. For this purpose, the converter model uses
the estimated engine speed NMotorObs obtained from the
observer and not the actual engine speed, since the converter
model 1tself contains a feedback to the observer.

In the embodiments shown 1 FIGS. 1, 3 and § a very
specific 1dling model 1s shown; it always corresponds to
FIG. 2. Other idling models are conceivable, provided they
sufliciently satisfy the above-mentioned requirements. Prel-
erably the process described 1s executed continuously or
nitiated periodically.

FIG. 7 shows an embodiment according to the invention
for determining externally generated torques. Elements 10 to
12 are devices for determining internal or internally gener-
ated torques. In particular an element 12 for determining the
engine torque MMotAxle and an element 11 for determining
a braking torque MBrake Axle may be provided. In addition,
an element 10 for determining a road resistance MRoadRes
may be provided. Elements 10 to 12 work according to
certain 1nput variables. In particular elements 11 and 12 may
be models and/or tables that model or describe the behavior
of the brake and/or engine/transmission and provide the
desired output variables.

On the basis of a model and with reference to the
above-mentioned input variables, observer 13 determines
the “theoretical” running properties or the “theoretical”
longitudinal dynamics, 1n particular the speed, of the
vehicle, taking into account characteristic values, too. Char-
acteristic values, for example, are the tire radius or vehicle
mass. Moreover, observer 13 receives a measured value
from a corresponding element 14, which corresponds to the
theoretical value. Given a sufficiently accurate model of the
longitudinal dynamics, a difference between the theoretical
and measured values can be attributed to externally
generated, non-modeled, variables, 1n particular torques, so
that precisely these external variables can be inferred from
this deviation.

FIG. 8 provides a more detailed representation of observer
13 from FIG. 7. Observer 13 exhibits a model of the running,
characteristics or longitudinal dynamics of the vehicle
(reference numbers 31 to 36). In addition it exhibits an
element for determining the external variables (numbers 21,
22, 25). Before the function of observer 13 is explained in
more detail on the basis of FIG. 8, the model of the running
properties or longitudinal dynamics of the vehicle will be
described on the basis of FIG. 9, which once again shows
components 31 to 36 from FIG. 8 for reasons of clarity.

The model of the running characteristics of the vehicle or
for 1ts longitudinal dynamics must satisfy at least the same
two requirements as mentioned above, 1.€. 1t has to have
suitable mput and output values and 1t must sufficiently take
into account static and dynamic effects 1if it 1s to be suitable
for the present mnvention.

The model 1n FIG. 9 satisfies these requirements. As 1ts
input value 1t receives an overall torque that acts on the
vehicle. This overall torque MTotal 1s the sum of all accel-
erating and decelerating torques. If the overall torque MTo-
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tal 1s equal to zero, the vehicle 1s being driven at constant
speed. If 1t 1s greater than zero, the vehicle is being accel-
erated; if 1t 1s negative, the vehicle 1s being decelerated. In
the calibration 31, the overall torque 1s calibrated according
to the wheel radius and vehicle mass. In this connection
“calibration” 1s understood to mean a proportional conver-
sion that, for example, 1s used for conversions, normaliza-
fion or value adjustments. Thus, a variable corresponding to
an acceleration 1s obtained. In integrator 32 this value 1s
integrated, and a variable corresponding to a speed 1is
obtained. In addition, units 33 to 36 which reproduce the
dynamics 1s provided. In the embodiment shown, this 1s a
PT, element, which only gradually transmits changes at the
input to the output. The PT, element consists of a subtractor
33, calibration 34, integrator 35 and feedback 36 which 1s
supplied at subtractor 33. The time constant of the PT,
clement 1s determined by means of the value of the calibra-
tion 34. The fact that real systems basically always show
delayed responses to changes in their mnput values 1s taken
into account by the PT, element. Thus, the reproduction of
the vehicle dynamics can be improved. A speed VMod
results as the output, which the model in FIG. 9 determined
as the “theoretical” speed of the vehicle on the basis of the
input overall torque MTotal.

The sequence of the individual components can also be
shown differently than 1n FIG. 9. The mverse feedback 23,
24 1n FIG. 8, however, should be supplied after the integrator
32. The element 14 for determining the actual vehicle speed
VReftFilt can be a sensor that outputs a corresponding signal.
However, it can also be a more complex device that carries
out appropriate evaluation and filtering measures 1n order to
receive signals that are as free of interference as possible.

The vehicle model described with reference to FIG. 9
should be understood as an example. Other models that
satisty the above-mentioned requirements may also be used.

Turning once again to FIG. 8, the utilization of the model
shown 1 FIG. 9 1n the observer 13 will explained. The
“theoretical” vehicle speed VMod determined by the model
1s compared to the actual vehicle speed VRefFilt. In
particular, the difference between the model speed (also
referred to as estimated vehicle speed) and actual speed (also
referred to as actual vehicle speed)—VRefFilt—is formed in
the subtractor 22. The difference between the estimated and
actual vehicle can be traced back to externally generated,
non-modeled variables and particularly torques and, hence,
conclusions about precisely these external variables and
particularly torques can be drawn. For example, when the
vehicle 1s driving uphill, the externally generated torque has
a decelerating effect. If this external torque were not taken
into account, the estimated speed would be too high and, in
particular, may be higher than the actual vehicle speed.
When the vehicle 1s driving downhill, the downgrade force
has an accelerating effect. Accordingly, 1f this downgrade
force were not taken 1nto consideration, the estimated
vehicle speed VMod would be less than the actual vehicle
speed VRetFilt. Consequently, the externally generated
variable, 1in particular the externally generated torque, can be
determined by means of the deviation and particularly the
difference between the estimated and actual vehicle speed.
In order to ensure that the observer 13 generally works 1n a
stable manner, the determined external torque can be
added—taking into account the signs—to the other torques
that were already determined (from devices 10 to 12). For
this purpose it 1s supplied at the summing point 21. Element
25 1s a calibration that converts, preferably proportionally,
the speed difference to the corresponding torque error. Thus,
the output of element 25, the signal MCorrectObs, actually
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1s the desired externally generated torque, which can be used
as the output signal and, as mentioned before, can be fed
back to the observer at summing point 21.

From the control standpoint, a feedback 23, 24 may be
provided to feed back a signal proportional to the difference
between estimated vehicle speed and actual vehicle speed to
the vehicle model after the integrator. The stability and
dynamic properties of the model are improved by this. The
inverse feedback, for example, can take place at summing
point 33.

The device according to the invention can be i1mple-
mented through discrete components. It can also be formed
by an appropriately programmed computer which receives
the corresponding input variables, outputs the desired output
variables and has access to data that may still be needed.
Preferably the process 1s carried out continuously or 1nitiated
periodically.

Based on the processes and devices according to the
invention, 1t 1s possible to determine the driving torque of
the vehicle during transient states as well as externally
generated torques. This can be used, for example, to realize
a device for supporting uphill starting, as 1s shown sche-
matically in FIG. 11. In order to prevent a vehicle from
rolling backwards as it 1s starting uphill, the following

condition must be satisfied:

NMotorObs+MBrake>MQOutput

where NMotorObs, for example, 1s the determined driving
torque of the vehicle described above; MBrake 1s the torque
braking the vehicle; and MOutput (=MCorrectObs from
FIG. 8) 1s the externally generated torque caused by the
downgrade force. The latter cannot be influenced. The
engine torque changes according to the driver’s wishes and,
in particular, according to the angle of the gas pedal or the
throttle valve, and the supplied driving torque of the vehicle
can, particularly as described above, be determined in the
determining element 701. The externally generated down-
orade force can, particularly as described above, be deter-
mined 1n the determining element 702. In addition, the
braking torque of the brake system 706 can be determined 1n
a determining element 703, with the service brake 707 and
parking brake 708 being taken into consideration, 1f neces-
sary. Corresponding to the equation stated above, the brak-
ing torque can be influenced, for example via the brake
system 706, by an influencing device 704 which receives the
determined values mentioned above. The brake system 706
comprises the service brake 707 and the parking brake 708,
with one of the two brakes or both together being operated
by external control, 1.e. independently of any activation by
the driver. In particular, external control without or in
addition to activation by the driver 1s possible. It 1s also
conceivable that the driving torque of the vehicle be iniflu-
enced via the engine 709. Besides the above-mentioned
determined values, the mfluencing device 704 can receive
other 1nput variables from suitable devices 7085.
Furthermore, the influencing device 704 appropriately coor-
dinates the external control of the brake 706 through the
influencing device 704 1tself, the driver’s activation of the
brake 706, any imnfluence on the driving torque of the vehicle
via the engine 709 through the influencing device 704 itself,
and any influence on the driving torque of the vehicle via the
engine 709 through the driver.

In particular, the braking torque can be reduced according
to the constant downgrade force and the rising driving
torque as the vehicle starts or the clutch 1s engaged or the
engine 1s revved-up, until the vehicle starts rolling forward.

The device according to the invention can be i1mple-
mented by means of discrete components. It can also be
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formed by an appropriately programmed computer which
receives the required input signals, outputs the output sig-
nals and finds the required data and parameters in corre-
sponding memories.

What 1s claimed 1s:

1. A process for determining the driving torque of a
vehicle as the vehicle 1s starting, comprising the steps:

determining an estimated engine speed when the engine 1s
in a non-loaded state on the basis of a model,

determining the actual engine speed on the basis of
measured values,

determining the driving torque of the vehicle according to

the actual and estimated engine speed.

2. A process according to claim 1, further including the
step of determining the estimated engine speed on the basis
of the 1dling engine torque wherein the 1dling engine torque
1s determined based on measured values.

3. A process according to claim 2, further including the
step of also using the driving torque of the vehicle to
estimated engine speed.

4. A process according to claim 3, wherein the step of
determining the estimated engine speed further includes the
steps of:

determining an engine drag torque,

adding the torques acting on the engine according to their
signs, followed by calibrating, delaying and integrat-
Ing.

5. A process according to claim 4, wherein the step of
determining the estimated engine speed further includes
adding a delay of first or higher order.

6. A process according to claim 1, wherein the driving
torque of the vehicle 1s determined according to the differ-
ence between the actual and estimated engine speed.

7. Aprocess according to claim 4, wherein the engine drag,
torque 1s determined according to an engine speed.

8. A process according to claim 2, wherein the idling
engine torque 1s determined, 1n part, according to the angle
of the throttle valve.

9. A process according to claim 1, wherein the driving
torque 1s determined taking into consideration the properties
of a torque converter.

10. A process according to claim 9, wherein the charac-
teristics of the torque converter are taken 1nto consideration
after forming the difference between the actual and esti-
mated engine speed according to a characteristics map or an
equation.

11. A process according to claim 9, wherein the charac-
teristics of the torque converter are determined according to
the estimated engine speed and at least the speed of one
vehicle wheel on the basis of a model, with this model also
providing the driving torque of the vehicle.

12. A process according to claim 11, wherein the charac-
teristics of the torque converter 1include factoring in a pump
torque of the torque converter, and the estimated engine
speed also 1s determined according to the torque converter
pump torque.

13. A device for determining the driving torque of a
vehicle as the vehicle commences movement, comprising,
the steps of:

modeling means for modeling the 1dling properties of the
engine 1n a non-loaded state,

a comparing element for the output values of the model
and corresponding measured values or values derived
therefrom, and

means for deriving the driving torque of a vehicle accord-
ing to the results of the comparison.
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14. A device according to claim 6, wherein said modeling
means 1ncludes a first determining element for determining
the 1dling engine torque, and wherein said comparing ele-
ment 1ncludes,

a second and a third determining element, said second
determining eclement for determining an estimated
engine speed based on the 1dling engine torque, and
said

third determining element for determining the actual
engine speed on the basis of measured values, and
whereln said deriving means includes,

a fourth determining element for determining the driving
torque of the vehicle according to the actual and

estimated engine speed.
15. A device according to claim 14, wherein the third

determining element determines the estimated engine speed
also according to the driving torque of the vehicle.

16. A device according to claim 15, wherein the third
determining element further includes a fifth determining
clement for determining an engine drag torque, an adder to
add the torques acting on the engine according to their signs,
and a calibrating element, a first delay element, and an
integrator.

17. A device according to claim 16, further including a
second delay element of first or higher order 1s provided in
the third determining element.

18. A device according to claim 14, wherein the fourth
determining element includes a subtractor that forms the
difference between the actual and the estimated engine
speed.

19. A device according to claim 16, wherein the fifth
determining element determines the engine drag torque
according to an engine speed.

20. A device according to claim 14, wherein the engine
torque 1s determined according to the angle of the throttle
valve with reference to an equation or a characteristics map.

21. A device according to claim 14, further including a
torque converter model wherein the driving torque of the
vehicle 1s determined taking into consideration an output of
the torque converter model.

22. A device according to claim 21, wherein the torque
converter model acts according to the difference between the
actual and estimated engine speed and 1n particular accord-
Ing to a characteristics map or an equation.

23. A process according to claim 21, wherein the torque
converter model receives the estimated engine speed and at
least one wheel speed and outputs the driving torque of the
vehicle.

24. A device according to claim 23, wherein the converter
model outputs a pump torque and the third determining
clement determines the estimated engine speed also accord-
ing to the pump torque.

25. A process for determining an externally generated
variable that drives or brakes a vehicle, comprising the steps

of:

determining the running properties of the vehicle on the
basis of a model,

comparing the values output by the model with corre-
sponding measured values or values derived therefrom,
and

determining the externally generated variable according

to the results of the comparison.
26. A process according to claim 25, wherein said deter-

mining the running properties further mcludes:

determining internal torques or forces that drive or brake
the vehicle, and wherein the comparing step further
mcludes,
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determining an estimated vehicle speed based on the 28. A device according to claim 27, wherein said means
determined torques or forces, and determining the for modeling include
actual vehicle speed on the basis of measured values,
and wherein said determining the externally generated
variable includes determining torque, according to the 5
actual and estimated vehicle speed.

a first modeling element for modeling 1nternal torques or
forces that drive or brake the vehicle,

a second modeling element for determining an estimated

27. A device for determining an externally generated vehicle speed on the basis of determined torques or
variable, comprising: means for modeling the running prop- forces,
erties of the vehicle, means for determining the actual vehicle speed on the
a comparing element for comparing model output values 19 basis of measured values, and
with corresponding measured values or values derived means for determining a torque, according to the actual
therefrom, and and estimated vehicle speed.

an element for determining the externally generated vari-
able according to the result of the comparison. £k ok k%
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